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METHOD FOR MANUFACTURING GARNET SINGLE CRYSTAL AND 
GARNET SINGLE CRYSTAL MANUFACTURED THEREBY 

Technical Field 

5 

The present invention relates to a method for 
manufacturing a magnetic garnet single crystal, and a magnetic 
garnet single crystal manufactured by the method. More 
particularly, the present invention relates to a method for 

10 manufacturing a magnetic garnet single crystal using a melt 

containing garnet single crystal raw materials and Bi203~B20s- 
PbO as a flux by liquid phase epitaxy (LPE) wherein the garnet 
single crystal is grown at a relative low temperature due to a 
reduced viscosity of the melt, and the grown garnet single 

15 crystal has a uniform thickness and a specular (mirror-like) 

surface without any crystal defects; and a magnetic garnet 
single crystal manufactured by the method. The magnetic 
garnet single crystal thus manufactured can be usefully 
applied to optical current transducers (CTs) . 

20 

Background Art 

In general, garnet single crystals are widely used for 
magneto-optical devices such as optical current transducers, 
25 optical isolators, optical switches and spatial optical 
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modulators due to their excellent magneto-optical properties. 
Depending on ion species to be substituted and their sites, 
the magnetic, optical and magneto-optical properties of 
magnetic garnet single crystals are different, and a variety 
5 of wavelengths are used. Accordingly, various garnet single 

crystals having different compositions are used according to 
the kind of magneto-optical devices. 

A typical garnet single crystal is manufactured by a 
liquid state epitaxial growth process (hereinafter, 

10 abbreviated as "LPE") . Specifically, a garnet single crystal 

is manufactured in accordance with the following procedure: 
after raw materials for a thick garnet single crystal film and 
a flux are melted at high temperature, the resulting melt is 
cooled to a temperature for crystal growth. Thereafter, a 

15 common Ca-Mg-Zr-substituted Gd 3 Ga 5 0i 2 (SGGG) substrate is 

immersed in the cooled melt to grow a magnetic garnet single 
crystal film. The grown crystal film is taken out of the 
melt, and is then spun at 300~500rpm to remove the melt 
adhering to the surface of the crystal film (spin-off) . 

20 Finally, the crystal film is etched to remove residual flux 

components present on the surface . 

The flux is selected from B 2 C>3-Bi203, PbO-B 2 0 3 and Bi 2 0 3 - 
alkali metal oxide-based fluxes generally used for magnetic 
garnet single crystal raw materials. 

25 Of these fluxes, B 2 0 3 -Bi 2 03-based fluxes make the 
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viscosity of a melt high and thus interfere with the migration 
of film-constituting materials present in the melt, causing 
non-uniform crystal growth. PbO-B 2 0 3 -based fluxes have a 
drawback that a small amount of highly volatile PbO contained 
5 in the fluxes is substituted into a crystal film, increasing 

the light absorption rate of the crystal film. Although Bi 2 0 3 - 
alkali metal oxide-based fluxes can solve the problem of B 2 0 3 - 
Bi 2 03-based fluxes, i.e. non-uniform crystal growth due to a 
highly viscous melt, they are disadvantageous in terms of 
10 crystal growth time. 

In order to solve the above-mentioned problems of the 
conventional fluxes, PbO-B 2 03-Bi 2 0 3 -based fluxes have been 
developed and are currently used for growing garnet single 
crystals . 

15 However, in the case that the PbO-B 2 0 3 -Bi 2 0 3 -based fluxes 

are used to grow garnet single crystals, crystal defects are 
apt to occur. These crystal defects require a high saturation 
magnetic field and a low coercive force. Accordingly, the 
PbO-B20 3 -Bi 2 0 3 -based fluxes are not suitable for the 

20 manufacture of magnetic garnet single crystals for optical CTs 

requiring a low optical reflectivity and a high transmittance . 



Disclosure of the Invention 



25 The present inventors have earnestly and intensively 
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conducted research to improve a method for growing a garnet 
single crystal using PbO-B 2 0 3 -Bi 2 0 3 as a flux, and as a result, 
discovered an improved method for manufacturing a magnetic 
garnet single crystal for optical current transducers using a 
melt containing PbO-Bi 2 03-B 2 0 3 as a flux wherein the garnet 
single crystal is grown at a relative low temperature due to a 
reduced viscosity of the melt, and the grown garnet single 
crystal has a uniform thickness and specular surface without 
any crystal defects, thus accomplishing the present invention. 

Therefore, it is an object of the present invention to 
provide a method for manufacturing a magnetic garnet single 
crystal using a melt containing garnet single crystal raw 
materials and Bi 2 0 3 -B 2 0 3 -PbO as a flux by liquid phase epitaxy 
(LPE) wherein the garnet single crystal is grown at a relative 
low temperature due to a reduced viscosity of the melt, and 
the grown garnet single crystal has a uniform thickness and a 
specular surface without any crystal defects. 

It is another object of the present invention to provide 
a magnetic garnet single crystal manufactured by the method. 

It is yet another object of the present invention to 
provide an optical device, such as an optical current 
transducer (CT) , comprising the magnetic garnet single 
crystal . 

In order to accomplish the above objects of the present 
invention, there is provided a method for manufacturing a 
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magnetic garnet single crystal, comprising the steps of: 
adding 1~3% by weight of an alkali metal oxide or carbide to a 
mixture of garnet single crystal raw materials and Bi 2 03~B 2 03- 
PbO as a flux, and melting the resulting mixture; and growing 
5 a garnet single crystal from the melt by liquid phase epitaxy. 

According to the present invention, there is provided a 
magnetic garnet single crystal manufactured by the method 
wherein the magnetic garnet single crystal has a composition 
represented by the formula Bi a PbbY c Gd 3 -( a+b+C ) Pt d Fe5_ d Oi 2 (in which 
10 0.5 < a < 1.0, 0 < b < 1.0, 0.3 £ c < 1.0 and 0 < d £ 1.0). 

According to the present invention, there is provided an 
optical current transducer (CT) comprising the magnetic garnet 
single crystal. 

15 Best Mode for Carrying Out the Invention 

The present invention will now be described in more 
detail . 

According to the present invention, a garnet single 
2 0 crystal suitably applicable to optical current transducers 

(CTs) is manufactured in accordance with the following 
procedure: after 1-3% by weight of an alkali metal oxide or 
carbide is added to a mixture of garnet single crystal raw 
materials and Bi 2 0 3 -B20 3 -PbO as a flux, the resulting mixture 
25 is melted. Thereafter, a garnet single crystal is grown from 
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the melt by a common liquid state epitaxial growth process. 
That is, the present invention is characterized by a melt 
containing an alkali metal oxide or carbide, garnet single 
crystal raw materials and Bi 2 0 3 -B 2 03-PbO as a flux. 
5 Since a melt containing garnet single crystal raw 

materials and a flux is highly viscous, some flux components 
may remain on a single crystal film after crystal growth on 
account of a high surface tension during spinning-of f , which 
makes the formation of a specular surface difficult. Solutes 

10 present in the melt migrate to the surface of the film to grow 

a single crystal. However, the viscous melt interferes with 
the migration of the solutes, and thus causes the thickness of 
the film to be non-uniform. 

The present inventors found that a less viscous melt 

15 facilitates the supply of film-constituting materials , and 

thus a thick magnetic single crystal film having a specular 
surface without any crystal defects is attainable. Based on 
this finding, the present inventors further added an alkali 
metal oxide or carbide to a melt commonly used for crystal 

20 growth. 

When the alkali metal oxide or carbide is added in an 
amount of less than 1% by weight, based on the total weight of 
the melt, the viscosity of the melt is still high and thus 
crystal defects are likely to occur. Consequently, a magnetic 
25 garnet single crystal having a specular surface is not 
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manufactured. When the alkali metal oxide or carbide is added 
in an amount exceeding 3% by weight , no crystal is grown or a 
garnet single crystal is not manufactured. 

The alkali metal oxide or carbide is preferably selected 
from oxides and carbides of lithium, sodium, potassium and 
rubidium. 

As described above, since the addition of the alkali 
metal oxide or carbide to a mixture of garnet single crystal 
raw materials and a flux can reduce the viscosity of the melt 
and can lower the crystal growth temperature, a magnetic 
garnet single crystal having a uniform thickness and a 
specular surface without any crystal defects can be 
manufactured . 

In addition, the addition of the alkali metal oxide or 
carbide to a mixture of garnet single crystal raw materials 
and a flux in order to lower the crystal growth temperature, 
can increase the substitution amount of Bi 3+ in a single 
crystal film, leading to a high magneto-optic coefficient. 
This is because the lowered crystal growth temperature 
increases the substitution amount of Bi . In other words, as 
the crystal growth temperature in the melt is lowered, the 
substitution of Bi 3+ into the garnet single crystal film 
increases. Such crystal growth temperature can reduce 
manufacturing costs of garnet single crystals when 
manufactured on a commercial scale. 
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Furthermore, the addition of the alkali metal oxide or 
carbide to a mixture of garnet single crystal raw materials 
and a flux in order to reduce the viscosity of the melt, can 
be applied to all garnet single crystal raw materials for 
5 garnet single crystals applicable to optical devices. 

In particular, garnet single crystal raw materials used 
in the present invention include those required for 
manufacturing a magnetic garnet single crystal having a 
composition represented by the formula Bi a PbbY c Gd 3 -( a+ b+c) Pt d Fe 5 - 
10 d Oi2 (in which 0.5 < a < 1.0, 0 < b < 1 . 0, 0.3 < c < 1.0 and 0 

< d < 1.0) . 

In the composition, Bi 3+ is substituted into a sublattice 
of the dodecahedral garnet crystal and acts to enhance the 
magneto-optical effects of the garnet crystal. As the 
15 substitution amount of Bi 3+ increases, the magneto-optical 



effects increase linearly. However, this substitution of Bi 



3+ 



may negatively affect the temperature characteristics. For 
this reason, Gd 3+ is added to improve the temperature 
characteristics. Pb and Pt are ion species substituted into 

20 the single crystal. Proper substitution amount of Pb and Pt 

assists in the improvement of magneto-optical or optical 
characteristics. When the substitution amount of Bi is 0.5 
or less, the magneto-optical performance is deteriorated. 
When the substitution amount of Bi 3+ exceeds 1 . 0 or more, the 

25 temperature characteristics are worsened and even the garnet 
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phase may not be crystallized. 

A mixture of the garnet single crystal raw materials, 
Bi 2 03-B 2 0 3 -PbO as a flux and the alkali metal oxide or carbide 
is melted, and then a crystal is grown from the melt by liquid 
state epitaxy to manufacture a high-quality garnet single 
crystal . 

The mixture can be heated to 1200°C or higher to melt it 
using a common LPE apparatus. The single crystal growth is 
performed in a Class 500 clean room due to the sensitivity to 
foreign matters. As a substrate, Ca-Mg-Zr-substituted Gd 3 Ga 5 0 12 
(SGGG) is commonly used. 

The LPE process will now be explained briefly. First, 
garnet single crystal raw materials, a flux, and an alkali 
metal oxide or carbide are mixed and ground. After the ground 
mixture is charged into a platinum crucible, the crucible is 
placed in an LPE furnace to melt the mixture therein. After 
melting, the melt is cooled to a temperature for magnetic 
garnet film growth. An SGGG substrate washed with the melt 
descends to a point close to the level of the melt, and is 
maintained so as to reach the thermal equilibrium state 
between the substrate and the melt. Thereafter, the substrate 
is immersed in the melt so that a crystal is grown. At this 
time, the substrate is rotated at 75rpm while turning the 
other side at an interval of 2 seconds. This is carried out 
to provide the same growth atmospheres to the overall surface 
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of the substrate and to uniformly maintain the growth speed of 
a film. After completion of growth, the grown magnetic garnet 
single crystal is taken out of the melt. Next, the magnetic 
garnet single crystal is spun at 300~500rpm to remove some 
5 melt components adhering to the surface of the film (spin- 

off) . Finally, residual flux components present on the 
surface of the grown single crystal film are etched to 
manufacture a final garnet single crystal. 

The garnet single crystal manufactured by an LPE 

10 process , particularly, the garnet single crystal manufactured 

from the melt containing the garnet single crystal raw 
materials, the flux and the alkali metal oxide or carbide in 
accordance with the method of the present invention has a 
uniform thickness and a specular surface without any crystal 

15 defects. Accordingly, the magnetic garnet single crystal thus 

manufactured can be usefully applied to optical current 
transducers (CTs) . 

The present invention will now be described in more 
detail with reference to the following examples. However, 

20 these examples are given for the purpose of illustration and 

are not to be construed as limiting the scope of the 
invention . 



25 



<Example 1> 

67 .286g of Bi 2 0 3 , 72.035g of PbO, 3.5g of B 2 0 3 , 0.556g of 
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Y 2 0 3 , 0.516g of Gd 2 0 3 , 6.107g of Fe 2 0 3 and 1.9757g of Na 2 C0 3 were 
charged into a platinum crucible, and then melted at 1,000°C. 
Then, the melt was cooled to 7 90°C. A garnet single crystal 
was manufactured from the melt using an SGGG substrate by a 
5 common LPE process. 

<Example 2> 

A single crystal was manufactured in the same manner as 
in Example 1, except that 4.0004g of Na 2 C03 was added. 

10 

<Comparative Example 1> 

A single crystal was manufactured in the same manner as 
in Example 1, except that Na 2 C0 3 was not added. 

15 Comparative Example 2> 

A single crystal was manufactured in the same manner as 
in Example 1, except that Na 2 C0 3 was not added and the melt 
was cooled to 820°C. 

20 <Comparative Example 3> 

A single crystal was manufactured in the same manner as 
in Example 1, except that 1 . 9757g of Na 2 C0 3 was not added and 
the melt was cooled to 820°C. 

25 Comparative Example 4> 
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A single crystal was manufactured in the same manner as 
in Example 1, except that 6.0000g of Na 2 C0 3 was added. 



Experimental Example 1> 
5 Defects of the garnet single crystals manufactured in 

Examples 1 and 2, and Comparative Examples 1 to 4 were 
counted. In addition, the thickness of residual flux after 
spinning-off was measured, and the thickness deviation values 
were calculated. The results are shown in Table 1 below. 

10 



Table 1 



Exam. No. 


Composition 


Amount 

of 
Na 2 C0 3 

(g) 


Crystal 
growth 
Temp. 

CO. 


Thick 
-ness 
(Mm) 


Number 

of 
defects 
(lcmx 
1cm) 


Thick- 
ness of 
residual 
flux (um) 


Thick- 
ness 
deviation 
(um) 


Exam. 1 


B io.s5Pbo.02Yo.60Gd! 53Pto.02Fe4.980 1 2 


1.9757 


790 


100 


0-1 


20 


±1 


Exam. 2 


B io.82Pbo.02Yo.66Gd! .56Pto.02Fe4.9gO 12 


4.0004 


790 


70 


0-1 


20 


±1 


Comp. 
Exam. 1 


B io.90Pbo.02Yo.51 Gd\ .57Pto.02Fe4.980 12 


0 


790 


130 


20-30 


100 


±5 


Comp. 
Exam. 2 


Bio,5sPbo.o2Yi.ooGdi i 4oPto.o2Fe4.9 8 Oi2 


0 


820 


100 


8-12 


50 


±2 


Comp. 
Exam. 3 


Blo.6lPbo.02Y1 .loGdi .27Pto.02Fe4.9 8 Oi2 


1.9757 


820 


60 


2-3 


15 


±1 


Comp. 
Exam. 4 


Not grown 


6.0000 


790 


0 




15 


0 



As can be seen from Table 1, the addition of Na2COs 
lowered the crystal growth temperature. In particular, as the 
15 amount of Na 2 C0 3 added increased, the thickness of the 

residual fluxes increased. This result is based on increased 
viscosity of the melts. It was also confirmed from Table 1 
that the larger the thickness of the residual fluxes, the 
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greater the number of defects, and conversely the smaller the 
thickness of the residual fluxes, the lower the number of 
defects. Furthermore, the lower the viscosity of the melts, 
i.e. the smaller the thickness of the residual fluxes, the 
5 more uniform the thickness of the fluxes. 

In conclusion, since a less viscous melt facilitates the 
supply of crystal-constituting materials, a garnet single 
crystal having a uniform thickness can be manufactured. 
Moreover, since the decrease in the thickness of residual flux 
10 after spinning-off can reduce the reaction with the crystal 

surface during cooling, a garnet single crystal having a 
uniform thickness and a specular surface can be manufactured. 



Industrial Applicability 

15 

As apparent from the above description, according to the 
method of the present invention, a garnet single crystal 
having a uniform thickness and a specular surface without any 
crystal defects can be manufactured from a melt containing 

2 0 garnet single crystal raw materials, Bi 2 03-B 2 0 3 -PbO as a flux 

and an alkali metal oxide or carbide by liquid phase epitaxy 
(LPE) . At this time, the garnet single crystal is grown at a 
relatively low temperature due to a reduced viscosity of the 
melt. The magnetic garnet single crystal thus manufactured 

25 can be usefully applied to optical devices, e.g., optical 
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current transducers (CTs) . 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications , 
5 additions and substitutions are possible, without departing 

from the scope and spirit of the invention as disclosed in the 
accompanying claims . 
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